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ess: stefan.willers@skaSummary Exposure to heavy metals from environmental tobacco smoke (ETS) was
investigated in 23 children with asthma (8.473.7 yr). ETS exposure was assessed by
an inquiry data-based exposure index, the urinary concentration of cotinine (U-
cotinine; a major nicotine metabolite) and the house dust (fine and coarse fractions)
concentrations of nicotine at home. The corresponding concentrations of the heavy
metals cadmium and lead in dust and urine (U-Cd; U-Pb) were determined in the
same samples.
There were strong associations between the ETS exposure index and U-cotinine
(rs ¼ 0:62; Po0:002) and nicotine in house dust (rs ¼ 0:77; Po0:001). There was a
strong positive correlation between lead and cadmium concentrations in both fine
(rs ¼ 0:86; Po0:001) and coarse dust (rs ¼ 0:57; P ¼ 0:02). Although, there was a
tendency for a relation between nicotine and lead concentrations in fine dust
(rs ¼ 0:52; P ¼ 0:06), no other significant associations were found between house
dust metals and nicotine concentrations. U-Cd correlated well with U-cotinine
(rs ¼ 0:50; P ¼ 0:02). Further, U-Pb were associated with U-cotinine, however not
statistically significant (rs ¼ 0:41; P ¼ 0:06). A probable explanation is a direct
inhalation of side-stream smoke containing heavy metals and/ or an increased
pulmonary uptake, due to a small airways disease in children with asthma.
& 2005 Elsevier Ltd. All rights reserved.Elsevier Ltd. All rights reserved.
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Thousands of substances are found in tobacco,
among them several carcinogens. The alkaloid
nicotine is a well-known substance in tobacco as
well as heavy metals such as cadmium and lead.1
According to IARC2 there is sufficient evidence to
classify ETS as a human lung carcinogen. ETS
consists of a gas phase and a particulate phase.
Some chemical constituents, e.g. carbon monoxide
and carbon dioxide, are found primarily in the
vapour phase. Others, such as nicotine are pre-
dominantly found in the particulate phase. The
levels of respirable particles increase in rooms with
poor ventilation. Nicotine concentrations in the air
in homes of smokers range on average from 2 to
10 mg/m3.2
Previous studies have shown that estimations of
the exposure to environmental tobacco smoke
(ETS) by use of questionnaires have a low valid-
ity.3,4 Misclassification may be extensive due to
factors not covered by the questionnaire such as
the size and the ventilation of the room, the
proximity to the smoker and other involuntary ETS
exposures in daily life. Thus, there is a need for a
valid biomarker of ETS exposure. Hepatic cyto-
chrome P-450 system catalyses the major route of
nicotine metabolism and about 65–75% of nicotine
is through C-oxidation converted to cotinine, which
is the major metabolite,5 with a biological half-
time of about 18–20 h in adults.6 Further, concen-
trations of nicotine in house dust have been
suggested as a long-term measure of ETS exposure.
Accordingly, in a recent study, urinary concentra-
tions of cotinine (U-cotinine) in children exposed to
ETS were strongly related to nicotine concentra-
tions in house dust.4
Smokers (active) have much higher blood cad-
mium concentrations (B-Cd),7 and somewhat higher
lead concentrations in blood (B-Pb). Further, an
association between B-Pb and ETS exposure has
been reported.8 As tobacco contains heavy metals,
this finding may be due to the contamination of
house dust by cigarette ash and smoke. Another
explanation is that a small airways disease in
children caused by ETS exposure could increase
the uptake of heavy metals.8 Further, children may
be more sensitive to the harmful effects of ETS
exposure; it has been shown that children get
higher U-cotinine than adults at the same ETS
exposure.6 However, the association between B-Cd
and ETS exposure have not been consistent in
different studies.8 In Sweden, there are very few
other sources of heavy metals at home, e.g. private
houses have not been painted with lead based paint
and leaded gasoline has not been in use for morethan a decade and tin soldier moulding, are very
seldom practised by children nowadays.
Therefore, the aim of the present study was to
elucidate whether lead and cadmium concentra-
tions in house dust and urine was influenced by ETS
exposure in a group of children with asthma.Material and methods
The study comprised 23 children (6 girls and 17
boys) with a mean age of 8.473.7 yr, who were
treated for asthma in The Outpatient Section,
Department of Paediatrics, Malmo¨ University Hos-
pital, Sweden, during 2 winter months in 2000. The
parents of each child accepted to participate in the
investigation, including house dust sampling by
vacuum cleaning and collection of a morning urine
sample from their child for the determination of
lead, cadmium and cotinine. None of the children
was an active smoker. Smoking history was vali-
dated through the U-cotinine determinations. All
levels of the participants were within the reported
intervals for non-smoking subjects (o60 mg/L).7
One urine sample was missing, as the child was not
at home during the day when the house dust bags
were collected. Furthermore, dust samples were
missing for 30% of the households (N ¼ 7), for
various reasons, e.g. on-going infections in some
households and in three of the cases, the vacuum
cleaner bags did not contain enough dust to allow
the determinations.
Thus, 22 urine samples were analysed for U-Cd,
U-Pb, and U-cotinine and 16 dust samples for
nicotine, cadmium, and lead.
The children passed a medical examination at
the inclusion visit. At the same time their parents
passed a structured interview about their smoking
habits and about other risk factors and exposures
that may increase the risk of their child to develop
asthma.ETS exposure index
Based on the structured interview data on exposure
to ETS, the children were grouped into four
categories: 0 ¼ none of the family members
smoked or had smoked since the child was born;
1 ¼ none of the parents smoked indoors. Alterna-
tively they had quit smoking more than 6 months
before the time of the study; 2 ¼ only the child’s
father smoked indoors at home; 3 ¼ only the child’s
mother smoked indoors at home; 4 ¼ two or more
family members smoked indoors at home.
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The parents were told to do vacuum cleaning in
their usual way with their own vacuum cleaner and
we collected the whole dust bag from each house-
hold. Two dust samples of 0.5 g were collected from
the visually fine and homogenous bottom layer (fine
fraction) and from the upper, coarse dust fraction
(coarse fraction) of each bag. The dust samples
were transferred into two 20mL polypropylene
tubes.Determination of lead and cadmium in house
dust
The samples were weighed into test tubes and
digested with 3mL concentrated nitric acid at
100 1C for 3 h. The digests were diluted with 5mL of
deionised water and centrifuged for 20min at
3500g (4500 rpm; Sigma 3E-1). The supernatant
was diluted with an equal amount of deionised
water and the lead and cadmium concentrations
were determined by flame atomic absorption
spectrometry. All samples were prepared in dupli-
cate. The detection limits were 3.0 mg/g for lead
and 0.40 mg/g for cadmium.Determination of lead and cadmium in urine
The urine samples were diluted ten times in screw-
capped 13mL polypropylene test tubes with a
solution containing 5 g/L of 25%, 0,5 g/L Triton X-
100 and 0.5 g/L ethylenediaminetetraacetic acid
disodium salt dihydrate in ultra pure water. All
samples were prepared in duplicate. The urine
samples were analysed by inductively coupled
plasma mass spectrometry. Detection limits were
calculated as 3 times the standard deviation for the
reagent blanks and was for leado0.10 mg/L and for
cadmium o0.05 mg/L.Determination of nicotine in house dust
The nicotine concentration was analysed by a gas
chromatographic method, reported elsewhere.9Table 1 Median values and ranges for cadmium (mg/g),
and coarse dust, as well as for cadmium (mg/L), lead (mg/
Cadmium levels Lead levels
Coarse dust 0.8 (o0.4–7.2) 23 (14–524
Fine dust 1.1 (0.3–8.1) 35 (9–385)
Urine 0.33 (0.06–0.60) 1.26 (0.37–Determination of cotinine in urine
Cotinine in urine was determined according to a
modified method using liquid chromatography
tandem mass spectrometry (LC-MSMS; 4) with D3-
cotinine as an internal standard. The samples were
analysed in duplicates. The detection limit was in
the 0.10 mg/L range.
Statistics
Generally, the exposure variables (lead, cadmium
and cotinine in urine; lead, cadmium and nicotine
in house dust) showed a skewed distribution.
Accordingly, nonparametric statistical processing
was applied (Mann–Whitney U-test). Possible asso-
ciations between the concentrations of elements
were investigated by calculating correlation coeffi-
cients (rs ¼ Spearman’s rho). P-values o0.05 were
regarded as statistically significant (two-tailed
tests). As three children that were less than 4-year
old had very low concentrations of U-creatinine, we
used the unadjusted as well as creatinine adjusted
U-cotinine levels when analysing the material.
Calculations were performed using the Statistical
Package for the Social Sciences (SPSS version 12.0).Results
Median values and ranges for cadmium, lead and
nicotine concentrations in fine and coarse dust, as
well as for U-Cd, U-Pb, and, U-cotinine are
presented in Table 1. These variables did not differ
significantly between boys and girls.
ETS exposure
As indicated by the medians for ETS exposure
index, nicotine concentrations in fine and coarse
dust, and U-cotinine, ETS exposure was low to
moderate in this group of children with asthma.
There was a statistically significant association
between ETS exposure index and U-cotinine
(rs ¼ 0:62; Po0:002). Also, nicotine concentrations
in house dust were significantly related tolead (mg/g) and nicotine concentrations (mg/g) in fine
L) and cotinine (mg/L) concentrations in urine.
Nicotine levels Cotinine levels
) 72 (12–460) —
60 (4–940) —
5.1) — 11.11 (0.45–55)
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Figure 1 Relationship between cadmium concentrations
in urine (mg/L) and urinary cotinine concentrations (mg/L)
in 22 children exposed to environmental tobacco smoke
at home.
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Figure 2 Relationship between lead concentrations in
urine (mg/L) and urinary cotinine concentrations (mg/L) in
22 children exposed environmental tobacco smoke at
home.
S. Willers et al.1524U-cotinine (rs ¼ 0:77; Po0:001, in detail reported
elsewhere; 4). Further, nicotine concentrations in
fine and coarse dust showed a strong positive
correlation (rs ¼ 0:94; Po0:001).
Heavy metals exposure
A strong positive correlation was noted between
lead and cadmium levels in fine (rs ¼ 0:86;
Po0:001; Fig. 3) and coarse dust (rs ¼ 0:57;
P ¼ 0:02). No significant correlations, however,
were observed between U-Pb and U-Cd on the
one hand and lead and cadmium concentrations in
fine or coarse dust, on the other.
If assuming a linear model in Fig. 3, the
corresponding Pearson’s r ¼ 0.85 (Po0:001). The
subject in the right upper corner (Pb concentration
in fine dust: 385 mg/g; Cd concentration in fine
dust: 8.1 mg/g) also showed the highest lead and
cadmium concentrations in coarse dust and among
the highest concentrations of nicotine in dust and
of U-cotinine, indicating high exposure to ETS at
home. If this subject is excluded, Pearson’s r
decreases to 0.58 (P ¼ 0:031), while Spearman’s
rho still shows a very strong correlation coefficient
(rs ¼ 0:83; Po0:001).
ETS exposure index vs. heavy metals
The concentrations of lead and cadmium in house
dust as well as lead and cadmium in urine of
children belonging to smoking category 4 (N ¼ 8)
were higher than corresponding levels for children
belonging to smoking category 3 (N ¼ 3). However,
the only statistically significant difference was
obtained for lead concentrations in fine dust
(P ¼ 0:02). No comparisons could be made with
children belonging to smoking categories 1 and 2,
due to small numbers in these groups.
Nicotine vs. heavy metals in house dust
Nicotine levels in fine and coarse dust were not
significantly related to the corresponding cadmium
concentrations. On the other hand, nicotine con-
centrations in fine dust were positively correlated
with corresponding lead levels, giving almost
significant P-values (rs ¼ 0:52; P ¼ 0:056). The
levels of nicotine and lead in coarse dust were,
however, not significantly related.
Cotinine vs. heavy metals in urine
U-Cd and U-cotinine correlated well (rs ¼ 0:50;
P ¼ 0:02; Fig. 1). Also, U-Pb was positively related
to the U-cotinine (rs ¼ 0:41; P ¼ 0:06; Fig. 2).Discussion
The most interesting finding in the present study
was the association between cadmium and cotinine
concentrations in urine. The finding indicates a
pulmonary uptake of cadmium in the studied
children with asthma from direct inhalation of side
stream smoke from their parents’ cigarettes.
The present association between U-Cd and U-
cotinine has not been reported earlier but is in
accordance with some other studies on blood
cadmium concentrations (B-Cd) in school children
from other regions, with, probably a higher
environmental exposure to tobacco smoke. For
example, in Egypt, ETS exposure may be the most
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In that study, children exposed to ETS showed a
higher geometric mean (1.4 mg Cd/L) than non-
exposed children (1.2 mg/L). In places with high ETS
exposure, e.g. restaurants, particulate concentra-
tions are higher in places without smoking restric-
tions as compared with places with partial smoking
restrictions.11 In a study of workers, occupationally
unexposed to cadmium, mean blood cadmium
levels in active smokers (0.97 mg/L) were somewhat
higher than in passive smokers (0.93 mg/L) and
significantly higher than in unexposed non-smokers
(0.85 mg/L).12 The authors estimated that active
and passive smoking would increase blood cadmium
levels with 0.1 mg/L over the background levels in
unexposed non-smokers.
Not unexpectedly, ETS exposure index was
statistically significantly associated with nicotine
in house dust and U-cotinine, which is in accor-
dance with earlier studies by others and us.
Further, as shown in a previous study,4 urinary
levels of cotinine were associated with nicotine
concentrations in house dust. However, there is no
reason to believe that the mechanism behind this
association is an inhalation of nicotine containing
house dust as it has been shown experimentally
that there is a causal association with direct
exposure to nicotine from inhalation of ETS.6
The smoking of one cigarette, generally contain-
ing 1–2 mg cadmium, is estimated to give an
inhalation of approximately 0.1–0.2 mg. However,
widely varying cadmium yields ranging from 0 to
6.7 mg/cigarette have been reported, depending
on, e.g. the type of cigarette and the method of
analysis.1 Further, cadmium concentrations in
tobacco are influenced by agronomic factors such
as production routines and soil characteristics, as
well as by environmental conditions, e.g. rainfall.
Thus, smoking of one package a day will yield a
daily inhalable intake of 2–4 mg. The exposure from
ETS is probably considerably lower but for finely
dispersed particles as in cigarette smoke, the
estimated lung absorption is between 25% and
50%. In addition, the present children suffered from
asthma and thus probably had a small airways
disease, which could have increased the pulmonary
uptake of heavy metals, which earlier has been
proposed as an explanation for increased blood
lead concentrations (B-Pb) in children of smoking
parents.8
However, ETS exposure index was not associated
with heavy metals in urine. This is natural given the
variation within smoking groups and shows the
difficulty in using questionnaire data in ETS
exposure assessment, which is in accordance with
Willers et al.3 Further, in our study, cadmiumconcentrations in fine and coarse dust were not
associated with the corresponding metal concen-
trations in urine. This is probably mostly due to that
the daily cadmium uptake from food and beverages
is considerably higher than cadmium uptake from
house dust through inhalation. In Sweden, the daily
intake through food is in the range 5–10 mg.13 In
addition, larger house dust particles, if inhaled, are
probably cleared by the lung and thereafter
swallowed. The gastrointestinal absorption in
adults is considerably lower (around 5%) as com-
pared with the uptake in lungs. Further, low body
stores of iron may considerably increase the
gastrointestinal uptake of cadmium.14 In unconta-
minated regions the average daily intake of
cadmium ranges from 10 to 60 mg in adults. There
is a tendency for a lower intake in countries in
Europe and North America as compared with Japan.
Also, lead levels in urine showed a positive
association, however not statistically significant,
with cotinine concentrations in urine. Accordingly,
this finding indicates a lead uptake in the children’s
lungs from inhalation of side stream smoke from
lead-containing tobacco. The lead concentrations
in tobacco may vary from approximately 3–12 mg/
cigarette. The estimated transfer to the main-
stream smoke is about 2%, resulting in a daily
inhalable intake of around 1.2–4.8 mg in an active
smoker consuming 20 cigarettes per day.15 The
exposure to lead by passive smoking should be
considerably lower. However, for inhaled particles
with a size ranging from 0.01 to 5 mm, 10–60% is
deposited in the alveolar tract, of which the main
part is absorbed.16
Lead concentrations in fine and coarse dust,
respectively, were not associated with correspond-
ing lead concentrations in urine, neither unad-
justed, nor creatinine adjusted. This is probably
due to the fact that the daily intake of lead from
food and beverages in this region in Sweden is
considerably higher than the daily lead intake from
inhaled ETS dust. The estimated daily intake of
lead through food and water is approximately
20–30 mg in adult Swedes. The gastrointestinal
absorption of lead in children is high (around
30–40%),16 in comparison to cadmium (see above).
Only metals in inhaled fine dust may reach the
alveolar region. Metals in coarse dust is probably
deposited in the trachea, and then transported by
the mucociliary escalator and swallowed, and
thereafter passing through the gastrointestinal
tract. Similar findings as in our study have been
reported by Berglund et al.17 who found that lead
levels in soil and in house dust had little effect on
blood lead concentrations in young children, living
in an urban and a mining region of Sweden.
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blood lead levels of children can be influenced if
the exposure to ETS is higher than in our investiga-
tion. Recently, Roy et al.18 reported that blood lead
concentrations were associated with house dust
concentrations of lead and time of exposure to lead
containing dust. Similarly, in an earlier study by
Willers et al.8 a significant relationship between
blood lead levels of children, aged 4–11 years, and
parental smoking habits was observed. The smoking
habits of the mother had a stronger impact on the
blood lead levels of the child as compared with the
smoking habits of the father, also showing a
dose–response pattern. The highest blood lead
levels were found in children with two smoking
parents.8 Mannino et al.19 found results pointing in
the same direction in an US study of children, aged
4–16 years, with different exposures to ETS. When
performing an adjusted linear regression analysis,
geometric mean blood lead levels were almost 40%
higher in children with high U-cotinine levels than
in children with low concentrations.
We have no information about the cleaning
procedures in the homes of the participating
children. Thus, it is difficult to estimate the
fluctuation of nicotine, cadmium and lead concen-
trations in fine and coarse house dust between
cleaning activities. Accordingly, repeated dust
sampling over a longer time period will give more
valid information. Also, the cleaning efficiency
differ from one person to another. In this study,
for example three of the households did not collect
enough house dust in their vacuum cleaner bags to
allow the determinations of nicotine, cadmium and
lead (Fig. 3)8.0
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Figure 3 Relationship between lead and cadmium con-
centrations in fine house dust (mg/g) in homes of 16
children exposed to environmental tobacco smoke at
home.A major source for cadmium exposure is cigarette
smoking. The present findings indicate that ETS
exposure may be the most important determinant
of cadmium status in children. It has been shown
that the target organs for cadmium effects are the
lungs and kidneys. Signs of alpha-1-microglobuli-
nuria were observed in a group of adolescents with
higher serum Cd levels, suggesting a subclinical
renal effect after several years of cumulative
exposure.10 Further, recent findings show that even
low cadmium burdens may cause subtle renal
effects on the proximal tubule in children.20 The
contribution of ETS exposure to total cadmium
burden may thus be of importance for kidney
function. This adds a new risk of ETS exposure in
children (and adults). However, more studies are
needed to further clarify the possible health effects
on renal and lung function associated with cad-
mium and lead from ETS exposure.Acknowledgements
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